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Abstract 

the^Untted States, '-'a conffll^ifiqti^^^ (IS- 136) was established 'tj^IA lasiy ear^ o increase 

v /channel ' -'c^dci^providin^;^b\ new. 'services- as private systems and%han^essage services, ' amf^a^^tergy for 
, (^^ortable phones by aWpirri^^^^^^su^ This paper presents;an$ervici^^ 

required for w Ipoin t of view, as well as the configuration of software for TDMA 

v ? f d cellular ^jftablt * phones, njm$^^ the above functions^: 



1. Introduction 

The cellular telephone system in the United States started 
in 1983 with the commercialization of an analog cellular 
system. Operation of a digital system began in 1993 with 
the TDMA (Time-Division Multiple Access) system. This 
digital system is a dual-mode system which analogically 
controls outgoing and incoming calls and digitally carries 
the voice signals. The first completely digitized system with 
a digitized control channel was standardized in December 
1994 by the TIA (Telecommunications Industry Associa- 
tion). Work to supplement functions for this standard is 
advancing and nearing commercialization. 

Due to the remarkable increase in the demand for por- 
table telephones in metropolitan areas, analog systems (FDMA: 
Frequency- Division Multiple Access) are becoming unable 
to cover the increase in the number of subscribers. The 
commercialization of digital systems, which efficiently uti- 
lize frequencies, is progressing. Standardization of the TDMA 
system and CDMA (Code- Division Multiple Access) sys- 
tem is being carried out at the TIA, and the improvement 
or building of both systems is continuing. 

In this background, the digitizing of the control channel 
by means of the TDMA system is stipulated by the IS- 1 36 
standard. This standard provides new services such as call 
control, short message service (SMS) and private network 
service (private system). 

This paper describes an overview of the IS- 1 36' standard 
from the software viewpoint, and describes the software for 
a TDMA cellular portable telephone which OKI Electric is 
currently developing to implement this standard. 

2. Overview of United States TDMA 
System 

The United States TDMA system already implements digi- 
tal voice (dual-mode) based on the IS-54B standard." Since 
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the communication capacity is limited by the capacity of 
the analog control channel, digitizing of the control chan- 
nel and standardization of the voice channel data transmis- 
sion are advancing. Figure 1 shows the relationships be- 
tween standards in the TDMA system. Table 1 shows the 
main specifications of both systems. 

The following four points are the principal aims of 
digitizing the control channel: 

1. To increase the capacity of the control channel (ten times 
analog capacity). 

2. To provide new applications (private network service). 

3. To provide a message service (SMS: short message service). 

4. To reduce power consumption of portable phones by 
adoption of paging class. 

The IS- 136 standard stipulates a wireless interface 
between the base station and the mobile phone (cellular 
portable telephone terminal, car terminal). The commu- 
nication protocol comprises the following four layers: 
1. Higher Layers 

Performs the message transfer service for SMS, and 
the paging service. The SMS communication configura- 
tion includes a point-to-point communication mode 
and a multiple address communication mode. 
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Layer 



Message Configuration 



I 



Main Functions 



Higher 
layers 



• Message edit/display/store 

• Mobile phone information management (OAP/other) 

• Oiher 



Layer 3 




- Channel control, location registration control, authen- 
tication control 

- Call control (outgoing and incoming call control) 
• Message transfer control 

■ Mobile phone status control, other 
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- Power control, modulation/demodulation 
■ Synchronization detection, interleaving 
• Error detection, other 
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(Explanstion of symbols) 

• CRC: Cyclical Reaundancy Check 

• G: Guard time 

• R: Ramp lime 

• PREM: Preamble 

■ RSVD: Reserved bit 

■ SYNC: Synchronization 

■ SCF: Shared Control Feedback 
{random access control signal) 

• BR I Busy/Reserved/Idle (signal ndicatirg busy, 
rese-ved or idle) 

■ CPE: Coded Partial Echo (for idemilicaticn ol 
mobile phone) 

■ R/N: Reserved/Not Reserved (for checking 
data reception) 

• CSFP: Coded Supsr Frame Phase (location information 
inside super frame) 



2. Layer 3 

Controls the portable phone, e.g., outgoing and incom- 
ing calls, and location registration. 

3. Layer 2 

Performs disassembly, assembly and retransmission con- 
trol of layer 3 messages by a data link with the base station. 

4. Layer 1 

Establishes frame synchronization, processes coding and 
controls TDMA. 

Figure 2 shows the correspondence between the protocol 
layer functions and messages. Further, Figure 3 shows the 
frame configuration of the conrrol channel, and Table 2 
shows the channel types and their functions. 

3. Software Development 

The software for a cellular portable telephone has the 

following requirements: 

1. Should be functionally expandable. 

Since we can expect the demand for an increasing variety 
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of functions with the deployment of a digitized system in 
the future, it is necessary to be able to easily add to the 
program and the program should have a flexible structure. 

2. Since the memory capacity used by the program affects 
the equipmentsize and cost, memory requirements should 
be minimized. 

3. Power consumption should be reduced. 

4. The user interface should be substantial. 

The adoption of software keys for a variety of user opera- 
tions, such as for message communications, is demanded. 
The protocol specification of the TDMA system is stipu- 
lated hierarchically; the program structure and function 
apportionment of each program is configured along a hier- 
archical structure, and a multitasking monitor is adopted. 
The functions of the portable phone software can be di- 
vided largely into paging control and the user interface. 
This software comprises the following programs: 
1 . User Interface 

Performs user operations such as outgoing and incoming 
calls, abbreviated dialing registration/reference, volume 
adjustment, etc. In order to simplify user operation, a 
menu display based on icons is used, and software keys, 
whose functions change for each operation function, are 
employed. At the same time, a large display device is 
employed as the screen display in order to make messages 
easy to read. Kase of operation is also enhanced by the 
display of appropriate operation instructions. 
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Call Processing 

Controls the protocol stipulated by the lis- 1 36 standard. 
It comprises four tasks and various drivers: 

a. Higher Layer Task 

Executes SMS and other applications. 

b. Layer 3 Task (L3DXC) 

Performs layer 3 control of the digital control channel 
(DCC) and rhc digital traffic channel (DTC), and 
measurement or the wireless signal strength. 



PCH Used for paging and order transmission. 

SPACH ^ *° fep,y to ac( ^ ss frofn a mobile station - 

SMSCH Used for poirt-to-poml SMS transmission. 



Base station 
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Used for accessing the base station, 
e.g., Call request. 



Mobile station 
Base station 



c. Layer 2 Task (I.2DXC) 

Performs layer 2 control of the DCC and DTC. 

d. AMPS Task 

Controls the analog control channel (ACC) and ana- 
log voice channel (AVC). 

e. DSP/RF Driver 

Comprises control of the DCC, DTC and AMPS; 
controls the digital signal processor (DSP), which per- 
forms code processing, and also controls the wireless 
frequency control hardware. 
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3. Peripheral I/O Control 

Comprises the drivers which control the peripheral I/O 
hardware such as the LCD display, key operation, tone 
generation, accessories connected to the external con- 
nector terminal, etc. 

4. Equipment Control 

Performs status management for all equipment. In addi- 
tion, it also interfaces with the call processing program 
and the higher layer/user interface programs. 

5. Maintenance 

Maintenance comprises a support program used when 
performing maintenance and fault analysis of equip- 
ment specific data. 

It also has an intermittent reception function which 
periodically cuts the power of the main equipment func- 
tional elements during standby (incoming standby state), 
in order to conserve battery power. 

Figure 4 shows the software configuration of the 
TDMA cellular portable telephone. From the perspec- 
tive of processing speed and memory efficiency, assem- 
bly language was used as the development language for 
hardware control and the IS- 1 36 call control section. 
Further, C language was used for the user interface in 
order to enable the efficient development of supplemen- 
tary functions in the future. 

The following three types of memory are used: 
1. Flash ROM 

This memory stores to the program code. Flash ROM 
was adopted in order supplement program functions and 
to deal with faults. 



2. RAM 

This memory is used as the work area for executing the 
program. 

3. EEPROM 

This memory stores equipment-specific information 
(telephone number, serial number, etc.), abbreviated 
dialing numbers (user data), and short messages. 

4. Conclusion 

OKI Electric is presently conducting development of an 
IS- 136 compliant portable telephone. We participated in 
the interconnection verification test held by the TDMA 
forum of the TIA, and obtained favorable results in this 
test. We plan to complete testing of the lower layers at the 
TDMA forum, and conduct successively higher layer 
testing as well as field testing. 

We also plan to pursue a program control method to 
achieve yet further reductions in power consumption. 
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